Introduction
There is great current interest in complexes formed between platinum ions and nucleic acids because of the anticancer activity of dihalodiammine platinum compounds discovered by Rosenberg [1] , It has been postulated that this activity is due to complex formation between the cis-dichlorodiammine platinum(II) compound and the purine and pyrimidine bases of DNA [2, 3] . Unfortunately, this platinum compound has a high toxicity, which limits its application [4] . For this reason, other platinum compounds have been investigated, the most promising of them seem to be the "platinum pyrimidine blues" [5] . These blue platinum complexes are, at least to a great extent, paramagnetic substances [6] .
Another molecular site of action of the platinum complexes are amino acids and proteins [7, 8] .
Several studies involving enzyme inhibition by platinum complexes have been reported [9] . The presence of amino acids or proteins result in a decrease of the association of cis-dichlorodiammine platinum(II) with DNA [10] .
In this work it will be shown that paramagnetic species -similar to those attributed to "platinum pyrimidine-blues" -are also obtained during the interaction of cis-dichlorodiammine platinum(II) with the amino acid tryptophan.
Experimental
as-Dichlorodiammine platinum(II), cis-Pt(NH3)2-CI2, and tryptophan were obtained from Serva * Reprint requests to Dr. Prof. Manfred Mutter. 0340-5087/79/0700-1015/5 01.00/0
International, Heidelberg and Merck, Darmstadt, Germany resp. They were of reagent grade quality. The substances have been used without further purification. The platinum species interacting with tryptophan was present in the diaquo form [cisPt(NH3)2(H20)2] 2+ . Details of the preparation are described elsewhere [5, 11] . Tryptophan (0.1 M) was added to an aqueous 0.1 M Pt(II) solution and stored in the dark at 340 K. The pH values of the solutions were adjusted by adding HNO3 or KOH.
The ESR spectra were recorded with a conventional X-band spectrometer using 100 kc field modulation. The microwave power was 1 mW, the modulation amplitude 5 G.
The optical measurements were performed with a Zeiss DMR 10 spectrophotometer. There are only a few investigations on paramagnetic platinum ions [12] [13] [14] [15] [16] [17] [18] . Part of the experiments were done on platinum in garnet [14] or in different other host lattices [12] . It was also observed in Magnus' green salt [15, 16] , in gammaor electron-irradiated K2PtCl4 crystals [13] , in cisPt(SCN)2(NH3)2 oxidized with iodine [17] , in dithiolene complexes of platinum [18] , and in some "platinum pyrimidine blue" compounds [6] . In all The platinum blue compounds have mixed oxidation numbers [22] also, and therefore should be detectable by means of ESR [23] . The "platinum pyrimidine blues" are reported to have mixed valence states, too [6, 24, 25] . It is reasonable to assume columnar structures in all of these cases.
Results

About
In the case of the Pt-tryptophan complexes investigated the ESR spectrum might be due to either Pt(I) or Pt(III). Therefore, d 9 or d 7 low spin states must be responsible for this paramagnetism.
The ESR-spectra as shown in perturbation calculations to the first order result in [13, 26] :
In the case of a d^-ground state, the g-values are:
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| is the parameter of the spin orbit coupling: It is very improbable to have a d 9 configuration.
In such a system, a hole in either the d2 2 -or the dzy-orbital indicate that these orbitals are positioned higher in energy than the dx 2~y2 -orbital. This, however, cannot be assumed in the case of nearly planar complexes. Therefore, it is suggested that the paramagnetic species is Pt(III) with its d 7 configuration. The d 7 -state of Pt seems to be stable only in dior polymeric structures [6, 13, 15, 16, 19] . The optical spectrum of the filtrate (Fig. 2 A) contains of course no information on the precipitated complexes. Characteristic is the broad absorption band centered at about 280 nm. It doesn't show the typical vibrational structure of indole. The spectrum of the complexes dissolved in alkaline solution (Fig. 2B) does not exhibit the indole structure either. There is a shoulder at about 320 nm with a relatively high extinction. In accordance with optical absorption spectra of columnar structures [28] it might be suggested, that this absorption is due to charge-transfer transitions between adjacent platinum ions.
It is impossible to decide if these spectra are identical with those obtained with paramagnetic complexes in the solid state. The concentrations of the saturated solutions are not high enough in order to decide, if the paramagnetism is also present in the solution or if it is a solid state effect only.
The possible coordination sites of transition metal ions are the amino and the carboxyl group of tryptophan [7, 8, 29] . The nitrogen of the indole residue might also be involved, although this position is usually not bound to a metal ion [8, 30] .
From the optical spectra obtained it might be concluded that an atom is involved in the complexation which contributes electrons to the yr-system of the indole ring. This is supported by the change in the indole absorption band. The 7i-system seems to be involved in a stacking of the planes of the single platinum complexes.
This suggestion is supported further by the observation that alanine, which does not posses the indole ring, does not produce paramagnetic species during an investigation time of several weeks.
In summary, one can say that tryptophan and Pt can form paramagnetic complexes; probably, more than one paramagnetic species are formed. The paramagnetism seems to be due to Pt(III) with a hole in a dj 2 -or d^-orbital. The formation of di-or polynuclear Pt-complexes seems to be necessary in order to observe stable paramagnetic Pt(III). The change in the absorption of the ^-system of the indole ring might be caused by its involvement in the stacking between the platinum complexes.
